Background and Purpose-The present study examined the relationship between circulatory and metabolic reserve in patients with hemodynamic impairment. Methods-Positron emission tomography was used to investigate 40 patients with major cerebral artery occlusive disease.
D
ecreases in cerebral perfusion pressure attributable to steno-occlusive lesions of the cerebral artery are compensated for via 2 mechanisms. [1] [2] [3] The first involves maintaining cerebral blood flow (CBF) by autoregulatory vasodilation of the resistant vessels (circulatory reserve). The second involves maintenance of cerebral metabolic rate of oxygen (CMRO 2 ) by increasing oxygen extraction fraction (OEF) from the blood to the brain (metabolic reserve). The relationship between circulatory and metabolic reserve in various clinical scenarios has remained unclear. 4, 5 To clarify the relationship between circulatory and metabolic reserve, the present study investigated correlations between cerebral blood volume/CBF ratio (CBV/CBF) and OEF, between vasoreactivity in response to hypercapnia and OEF, and between vasoreactivity in response to acetazolamide (ACZ) stress and OEF. Table 1 shows patient characters and exclusion criteria.
Materials and Methods

Subjects
Positron Emission Tomography and Data Analysis
CBF, OEF, CBV, and CMRO 2 were measured by positron emission tomography (PET), as reported previously. 6 CBF measurements were performed during the resting state and under hypercapnia and ACZ stress in each subject. Hypercapnia was induced by inhalation of 7% CO 2 , beginning at 60 s before and continuing throughout CBF measurement. For ACZ stress, 1 g of ACZ was administered intravenously over 2 minutes, beginning at 10 minutes before the start of scanning. Two transaxial slices were selected, including the corona radiata and centrum semiovale, and regions of interest (20 mm) were drawn on 3 superficial portions covering the cortical territory of the middle cerebral artery (MCA) in each ipsilateral and contralateral hemisphere. Mean CBF, CBV, OEF, and CMRO 2 values were calculated in each hemisphere. For each mean value, vascular response to hypercapnia (%CBF hypercapnia ) was calculated as the percentage change in resting CBF per absolute change in PaCO 2 (mm Hg), and vascular response to ACZ stress (%CBF ACZ ) was calculated as the percentage change in resting CBF.
To detect trends between each parameter (CBV/CBF, %CBF hypercapnia , and %CBF ACZ ) and OEF, we used the moving average method (7-point simple moving average). Based on these trends, we divided the hemispheres into 5 or 6 groups by reduction of circulation reserve (Figure) .
All data are expressed as meansϮSD. Data were evaluated statistically using 1-way ANOVA or paired t tests. Values of PϽ0.05 were considered statistically significant. Table 2 and 3 show the physiological changes during the resting state, and under hypercapnia and ACZ stress, as well as the mean values measured by PET of the bilateral MCA territories in all patients.
Results
The Figure a shows the relationship between OEF and CBV/CBF; OEF differed significantly between groups 5 and 6 (PϽ0.05; 1-way ANOVA) but not between any of the other consecutive groups.
The Figure b shows the relationship between OEF and %CBF hypercapnia ; OEF differed significantly between groups 1 and 2 (PϽ0.05; 1-way ANOVA) but not between any of the other consecutive groups.
The Figure c shows the relationship between OEF and %CBF ACZ ; OEF differed significantly between groups 2 and 3 (PϽ0.05; 1-way ANOVA) and between groups 3 and 4 (PϽ0.05; 1-way ANOVA) but not between any of the other consecutive groups.
Discussion
Cerebral circulatory reserve has been estimated by measuring CBV, the ratio of CBV to CBF (CBV/CBF), and vascular response to vasodilatory agents. [1] [2] [3] [4] [5] However, whether these methods allow direct evaluation of circulation reserve remains unclear. 3, [7] [8] [9] [10] Metabolic reserve has only been estimated by measuring OEF on PET, but PET facilities are insufficient for widespread clinical use.
To date, the precise relationship between circulatory and metabolic reserve has been unclear. 4, 5 In this study, we investigated the relationship between 3 parameters (CBV, CBV/CBF, and vascular response to vasodilatory agents) and metabolic reserve. We identified the point at which consumption of the metabolic reserve begins for each parameter. These points may be the most important factors for evaluating hemodynamics, and reconstructive surgery may prove to be more useful in patients with hemodynamics below these thresholds.
Conclusion
The present study confirmed relationships between circulatory and metabolic reserve, with consumption of the metabolic reserve beginning when CBV/CBF increased to Ն0.11 minutes, %CBF hypercapnia decreased to Ͻ0%, and %CBF ACZ decreased to Ͻ15%. 
